BACKGROUND/OBJECTIVES: Obesity in childhood is very common in Europe. It may be linked to diet, and intakes of protein and polyunsaturated fatty acids (PUFA) have been investigated. The study aims to investigate child size and dietary differences at the age of 4 years between three European countries and to assess dietary adequacy. SUBJECTS/METHODS: A total of 161 4-year-old children from Spain, Germany and Hungary, whose mothers participated in a pregnancy micronutrient supplementation trial, were included in this analysis. Child size was assessed by standardised anthropometry and diet calculated from parent-completed food frequency questionnaires. Adequacy of the diet was evaluated using US guidelines. RESULTS: The Spanish children had a higher mean body mass index (BMI) (16.4 ± 1.5) compared with German (15.7 ± 1.0) and Hungarian children (14.9 ± 1.4, P o0.01). In Spanish children, dietary intakes were higher in animal protein density, particularly from dairy foods, were little different in total protein density and slightly lower in n-6 PUFA density compared with the intakes in the other groups. Dietary intakes of most children (% contribution to energy) were higher than those recommended for protein, saturated fat and added sugar. CONCLUSIONS: Spanish children had a higher mean BMI compared with German and Hungarian children. Diets taken by Spanish children may be more obesogenic than those taken by German or Hungarian children. In the present study, many children in all three countries were consuming diets that were high in protein, saturated fat and sugar.
INTRODUCTION
Growth is the phenotypic expression of genetic potential modified by environmental factors: nutrition and health status. Recently, it has been shown that the availability of adequate nutrition and treatment for infections has hastened paediatric growth. 1 During the past two decades, the frequency of overweight and obesity has increased worldwide. 2 The ongoing global rise in the prevalence of overweight and obesity among all ages and ethnic groups is accompanied by a higher incidence of serious health risks. 3, 4 In the mid-2000s, the number of overweight children was increasing in the European Union countries by at least 4 00 000 every year, of which 85 000 were obese. 5 Obesity levels differ among children between European countries and are very dependent on the methods used for assessment. A study in Spain assessed the prevalence of overweight using International Obesity Taskforce (IOTF) cutoffs in 5-9-year-olds and found levels of~36% in the 1980s; the prevalence was exactly the same in boys in 2006/7 but had increased by 2.6% in girls. 6 In Germany, in a population-based study of 3-6-year-olds, the prevalence of overweight was 9.1% using the 90th BMI percentile of a reference data set. 7 Crossnational obesity comparisons in 10-16-year-olds in 2001/2 using IOTF cutoff points ranked 34 countries according to the prevalence of overweight; in this ranking, Spain was sixth (16.3%), Hungary fifteenth (10.6%) and Germany twenty-third (9.7%). 8 Many studies and a systematic review of 24 studies in 2005 demonstrated that rapid weight gain in infancy, especially in the first 2 years of life, is a risk factor for later adiposity. [9] [10] [11] Overweight and obesity in childhood are associated with increased risks of both premature mortality and adult morbidity. 12, 13 Rapid weight gain in children may result from an imbalance between energy expenditure and energy intake from foods and drinks. There is evidence that what and how children are fed during the early years of life is very important in determining their early growth. In a randomised clinical trial, on comparing infants fed low protein formula with those fed high protein, it was found that low protein formula normalised early growth measured at age 2 years relative to that in a breastfed reference group. 14 It is likely that growth differences are influenced by the types of foods fed during infancy, suggesting a programming effect of the adipose issue. In a UK cohort study, children with higher consumption of fruit, vegetables, cooked meat and fish, and other home-prepared foods such as rice and pasta in infancy had higher lean body mass at 4 years than those consuming low amounts of these foods, and this was independent of milk feeding. 15 Another UK cohort study showed that diets with a higher than average energy density that were consumed at age 7 years contributed to the risk of excess adiposity at age 9 years. 16 Plasma long-chain fatty acid (LC-PUFA) concentrations have been associated with the degree of obesity in children; obese children had slightly lower concentrations of total and n-6 PUFA compared with non-obese children.
There is very little research comparing dietary data of children between countries; however, an analysis of EPIC dietary data has confirmed that there are considerable differences in food-group consumption and dietary patterns between the adult populations in European countries. 19 The aim of this study was to test the hypothesis that childhood size differed between countries and was associated with dietary differences, including LC-PUFA and food group intakes. Importantly, we considered the effects of misreporting of energy intake on our study. A secondary aim was to assess the adequacy of the diets taken by children in Europe, particularly with respect to the intake of n-6 and n-3 PUFA.
SUBJECTS AND METHODS

Study sample and design
The children in this study were born to mothers taking part in the FP5 EU Project NUHEAL. This was a placebo-controlled clinical trial, which compared the effects of dietary supplementation during pregnancy in mothers from three European countries. Apparently healthy pregnant women who were resident in three study areas, Granada, Spain (S), Munich, Germany (G) and Pécs, Hungary (H), were recruited (312 pregnancies). Ethical approval was obtained from Ethical Committees of each centre. Information on mother's age, BMI and parity was collected during the initial study at the time of pregnancy. 20 The children were followed up from birth by parental questionnaires and at research clinics. Full details of the NUHEAL study are published elsewhere. 20 Dietary assessment-food frequency questionnaire
The 176 (56.4%) children still in contact were invited for a study visit at the age of 4 years. Before the clinic visit, parents were sent a postal food frequency questionnaire (FFQ) about the child's diet to be completed. Each questionnaire (eight pages in length) contained questions covering the frequency of consumption of a list of foods and drinks (see Supplementary  Table 1 ). This FFQ was based on a previous study evaluating dietary intakes in Europe (MONICA study 21 ) and was exactly the same as the FFQ that had been completed by the mothers during the pregnancy study. It asked whether the child was a vegetarian and about his/her intake of food supplements. Supplements were not included in the nutrient analysis. The questionnaires were cross-checked with the parents by a trained nutritionist during the clinic visit when anthropometric measurements of the child were collected.
The FFQ was primarily focused on dietary sources of n3-PUFA and folate; therefore, categories such as fats, fish and vegetables were disaggregated, for example, three types of fish; lean, medium and fat. There were some slight differences between FFQs used in S, G and H (Supplementary Table 1 ). Cooking methods are important in determining the nutrient content of foods; therefore, questions were asked about how foods were cooked. For fish these questions pertained to whether it was fried, coated and fried, canned, or taken as soup; for beef and pork whether they were pan fried or coated and fried; and for nuts and seeds whether they were eaten plain or toasted-salted. The FFQ described portion sizes for adults; however, in this analysis we used portion sizes appropriate for 4-year-old children as informed by diet record data collected from similar aged children in the United Kingdom. 22, 23 When a question included several foods, the amount of each food item consumed was assigned on the basis of a Spanish database of household consumption. 24 Household measures and recipes were based on those developed by the Spanish AVENA Group. 25 The nutrient content of a portion of food was calculated using the program CESNID. 26 The database used for the nutrient analysis was the 3rd edition of CESNID's food tables 27 and for fish the fatty acid composition data from the University of Granada were used. 28 When a question on food consumption had not been answered it was assumed that the food was rarely or never eaten. The FFQ was used to calculate approximate nutrient intake by multiplying the daily frequency of consumption of each food/drink by the nutrient content of a 4-year-old child's portion of that food/drink and summing that for all the foods/drinks in the questionnaire.
Anthropometry
Anthropometric measurements at 4 years comprised body weight, thorax circumference, mid-arm circumference, triceps skinfold, subscapular skinfold, mid-thigh skinfold, stature, head circumference, waist circumference and hip circumference. These were performed using standard procedures published on the World Health Organisation (WHO) website. 29 Physicians from the three countries involved in the assessment were trained by the same expert in a workshop about anthropometry procedures performed within the EARNEST EU Project framework. Moreover, the equipment used in the three countries was the same for this purpose.
BMI was calculated and cutoff levels for overweight/obesity in children were set for girls and boys separately by using the Cole et al. 30 criteria.
Misreporting of dietary intake
There is a possibility of misreporting of dietary intake. In the FFQ, this may be because of misunderstanding the questions, an inability to work out a sensible response or missing out the question altogether. Therefore, the level of misreporting was assessed by comparing estimated energy requirement with energy intake estimated from the FFQ. Estimated energy requirement was obtained for each child individually by calculating total energy expenditure from a formula, which includes body weight and sex and allows for a moderate physical activity (PA) level. An increment for the energy required for growth (E g ) was added to produce the estimated energy requirement. The ratio of energy intake/estimated energy requirement was calculated for each child and these ratios were compared between countries. A tolerance of 22% was allowed on each side of 1.00 to account for the inaccuracy of the method used; children with an energy intake outside of this were classified as having implausible intakes. 31 
Nutrient and Food group analysis
The quality of the diet was compared between countries by calculating the nutrient density per 1000 kcal. Dietary guidelines for Americans 32 were used to evaluate the adequacy of estimated energy and macronutrient intakes. The WHO recommends a ratio n-3:n-6 PUFAs of 1:10.
33
Food and drink frequencies, presented in Supplementary Table 2, were aggregated into food groups on the basis of similarity of type of food, nutrient composition and energy density. Processed meats and fish were grouped separately from fresh produce using the questions on cooking methods. The aggregated food groups used are listed in Supplementary  Table 2 .
Statistical methods
A descriptive statistical analysis of variables and normality was assessed with the Shapiro-Wilk test. Between countries, anthropometric differences were tested using univariate generalized linear models with exact age at measurement as a covariable (Table 1) .
For energy and energy-adjusted nutrient intakes, as listed in Table 2 , a statistical analysis using univariate generalized linear models was performed with nutrient intake per 1000 kcal as the dependent variable, country as the independent variable and energy intake as the co-variable.
Aggregated food-group intakes had skewed distributions, therefore comparisons between countries were made using binary logistic regression; lowest to 25th centile against the rest (Table 3) .
MLG univariate analysis of variance was performed with several covariates and Bonferroni corrections for multiple comparisons to test whether differences in anthropometric measures between countries were mediated by dietary differences ( Table 4) .
The samples size by country allows the detection of a minimal difference of one standard deviation between two means with power of 90% and Alpha error of 5%.
All statistical analysis were performed using SPSS for Windows version 18.0.0 (SPSS, Chicago, IL, USA).
RESULTS
From 176 postal FFQ's, 161 were returned and included in this analysis. The children, 52% of the original cohort, were mainly from Spain (SC) (55%) and the rest were from Germany (GC) (29%) and Hungary (HC) (16%).
Spanish non-participating children were born to younger mothers and had higher BMI at 20 weeks than those of Spanish participating children. Mothers of non-participating Hungarian children had higher parity. Supplementary Table 3 .
Comparing mothers of participating children between countries, the only difference was in the age of the mothers; German mothers were older than both Spanish and Hungarian mothers. There were no differences between country groups in birth weight or head circumference at birth; however, the German children were taller, on average, at birth than those in both other countries.
Anthropometric differences between countries in the 4-year-old children are shown in Table 1 . There was a slight difference in age at measurement between the countries, therefore all anthropometric comparisons have been adjusted for age. At 4 years, HC were taller than SC (~3.7 cm). There was no difference in weight between the groups, however, SC had a higher average BMI than both GC (~0.7 units) and HC (~1.4 units) and GC had a higher BMI than HC (~0.8 units). Tricep and subscapular skinfold measurements were not different but mid-thigh skinfold measurement was higher in SC than in both GC (~3.5 cm) and HC (~3.9 cm). The only other difference was in waist circumference where SC had a higher average than HC (~1.0 cm).
The misreporting ratios for energy intake were: SC = 1.5 (1.4, 1.6); GC = 1.2 (1.1, 1.2); HC = 1.3 (1.1, 1.5). There was a higher level of misreporting in SC than in GC (Po0.0001). The proportion of children in whom the estimated energy intake was implausibly low was 3.4% in Spain, 9.5% in Germany and 7.7% in Hungary. The proportion of children with implausibly high energy intakes was 68.2% in SC, 38.1% in GC and 42.3% in HC; therefore, the FFQ is tending to overestimate energy intakes. All questionnaires were included in the analysis but to allow for the discrepancy in energy intakes only nutrient density as an indicator of dietary quality was compared between countries. Table 2 shows mean macronutrient intakes per day, mean nutrient density and comparisons of total intakes with recommended daily allowance (RDA). The RDA is set at a level to cover the nutrient needs of 98% of the population, therefore intakes above this level are extra to the needs of the child. 34 Protein density of the diet in SC was higher than that in GC particularly for animal protein. HC consumed more vegetable protein compared with the other two countries. HC had the lowest total fat density with MUFA lower and PUFA higher than SC. SFA density was highest in the diets of GC. N-6 PUFA was highest in HC and lowest in SC; however, there were no differences in total n-3 PUFA density between the countries. There was a higher n-3:n-6 PUFA ratio in SC than in GC (P = 0.04) and HC (P o 0.01). Furthermore, HC had diets with the highest carbohydrate and fiber density. There were no differences in total sugar densities in the children between the countries, but GC had higher non-milk extrinsic (added) sugar densities compared with SC (P = 0.007) and the starch density was higher in HC than in SC.
Protein intakes were higher than the RDA of 10-13% of the energy for at least half the children in all three countries and very few children received the recommended half of their protein diet from vegetable sources. 35 More than half the children had total fat intakes above the recommended maximum amount (RDA 25-35% of energy); the saturated fat intake for GC was particularly high in relation to the RDA of o10% of energy but almost all the children consumed more that 10% of their energy from saturated fat. Most children took less than the recommended 10% of energy from PUFA. Only 69.4% of the children had an appropriate ratio of n-3: n-6 PUFA intake. Total carbohydrate intakes were within recommended limits but intakes of non-milk extrinsic (added) sugars were higher than the o 10% recommended in most children.
For food intakes, Supplementary Table 2 shows median frequency per day and inter-quartile range of each food group consumed at 4 years age according to country. In Table 3 these foods are aggregated into food groups and compared between countries. Compared with SC, some foods were consumed less often by GC (vegetables, potatoes, dairy foods, fresh meat/fish, sweet foods and drinks); whereas others were consumed more often (processed meat/fish, savoury snacks and fat spreads). There were differences in food intake between SC and HC; with less frequent consumption of potatoes, dairy foods, fresh meat/fish and cooking fat and more frequent consumption of savoury snacks and fat spreads in HC than SC. Table 4 shows the moderating effects of diet on anthropometric differences between countries. The differences in BMI between SC and the other two country groups were not changed by the addition of energy-adjusted animal proteinss or n-6 fatty acids to the model. However, the dietary additions attenuated the difference between GC and HC to the null. Mid-thigh skinfold differences between the countries were unaffected by addition of the dietary variables assessed. The addition of energy-adjusted n-6 fatty acids to the model assessing height differences between the countries widened the differences, HC were taller than both GC (~2.9 cm before adjustment for diet and~3.6 cm after adjustment) and SC (~3.7 cm before and~5.2 cm after).
DISCUSSION
In this small opportunistic study of 4-year-old children from three European countries, we have found evidence that Spanish children tend to be fatter than both their German and Hungarian counterparts. In particular, we found that the mean BMI and midthigh skinfold measurement of Spanish children is greater than those in the other two countries. There are differences in the type of diets consumed, particularly the higher intake of dairy foods, meat and fish and thus animal protein density in Spanish children along with a lower n-6 PUFA density and higher n-3/n-6 ratio Size and diet in children in three European countries MJ Piqueras et al compared with the German and Hungarian children. The Hungarian children were taller but not heavier than their counterparts in Spain and Germany and they had a more carbohydrate-, vegetable protein-and fiber-dense diet and less total fat. Diets were mostly adequate in the three groups but protein, saturated fat and NME sugar intakes were high in relation to recommendations. This study can only suggest areas for further research because the children were not randomly selected and are therefore not representative of their country's population of children. Our findings that the Spanish children were fatter and took more animal protein foods, especially dairy foods, compared with their counterparts are in accord with some previous observations about protein intake in pre-school children. An Italian longitudinal study of childhood growth showed that protein intake at 1 year of age was associated with overweight at 5 years of age (P = 0.05). 36 A study in a large US sample of children aged between 2-4 years, demonstrated that greater milk intake was associated with increased BMI. 37 In a New Zealand study, protein consumption, particularly dairy, was positively associated with BMI. 38 In Sweden, a study of 4-year-olds found a positive relationship between intake of milk and BMI z-score. 39 Many studies have found that protein intake is very high in children (2-3 times higher than the RDA) 39, 40 as was the case in this current study in all three countries. Protein may promote weight gain by increasing insulinlike growth factor-I levels 41 or through its effect on appetite. 42 However, other studies have shown high intakes of calcium and dairy products to be protective against obesity development, 43, 44 observations that are opposite to those of the current study, and it has been suggested that dairy calcium is particularly effective in promoting weight loss. 45 A systematic review concluded that evidence was suggestive of a protective effect of dairy consumption but was not conclusive. 46 Estimated energy intake was higher in the Spanish children compared with those from the other countries, but the large proportion of implausibly high intakes suggested that these data were unreliable. The diets of the Spanish children were lower in n-6 PUFA than in the other groups, which is in line with obese children showing lower plasma concentrations of these fats in two studies 17, 18 and PUFA intakes being negatively associated with body fat in a US study of 8-year-old children. 44 We found that Hungarian children were taller than children in Spain or Germany; this was unexpected. The relationship between diet and height in children has been studied in a UK cohort at age 7-8 years (n = 744). There was evidence of a difference between boys/girls for this association, such that boys in the highest quartile of milk or dairy food intake were taller than those in the lowest quartile but there was no such association in girls. 47 The relationship in boys appeared to be mediated through IGF-I levels, which were also positively associated with dairy intake. IGF-I levels were positively associated with animal protein and negatively associated with PUFA intakes. 48 In the current study, we could not look at the sexes separately due to small numbers and the dietary data suggested that the Hungarian children, although taller, consumed less dairy products than Spanish children. We found no evidence that animal protein intake mediated the country differences in height and that adding n-6 PUFA intake to the model amplified the differences. These results are very difficult to interpret and may be spurious. There was some evidence that Hungarian children were eating a less obesogenic diet than the other two groups, with less fat and more vegetable protein, carbohydrate and fiber. The same longitudinal study in the United Kingdom has linked consumption of this type of diet, which has low energy density, with low adiposity levels in childhood. 16 The current study is in line with this finding, showing the Hungarian children to have the lowest average BMI of the three country groups.
The differences in types of foods eaten by these children from different countries are similar to those found in the EPIC project for adults; where processed meat characterised the German diet and seafood, eggs and milk characterised the Spanish diet. 19 Hungarian diets were not studied in that project.
There was no information collected on PA in this study, therefore energy expenditure was calculated from a standard formula, which allowed for moderate activity when assessing the plausibility of the estimated energy intakes. We found very high levels of implausible energy intakes that differed between Size and diet in children in three European countriescountries and it is possible that PA levels also differ between countries. However, a large study of 10-16-year-olds in 34 European countries 8 found almost no differences in the levels of PA/inactivity between young people in Spain, Germany and Hungary. This suggests that PA differences do not account for the differences we found in BMI between the countries. Further studies need to assess PA as well a dietary intake.
When comparing the dietary intakes of these children with the Dietary guideline for Americans, 34 some nutrient intakes were of concern in all three countries; the percentage of energy obtained from protein, saturated fat and NME sugars was much higher than the maximum recommended in almost all children.
This may in part be due to frequent consumption of sweet foods and drinks ( Table 2 ) that are energy dense and nutrient poor.
The sample size in this study was small and the children were not chosen randomly, therefore the results are not generalizable; however, our findings are in line with other studies that have shown higher levels of obesity in Spanish than in German or Hungarian children. 8 The dietary differences we found between countries are also similar to other studies. 19 The FFQ used in this study was designed for use in different European countries 21 but the portion sizes incorporated in it were not designed for children and therefore it needed to be adapted. The FFQ tended to overestimate intake, therefore we used energy-adjusted nutrients for our comparisons between countries. The fatty acid levels for foods were taken from composition tables for Spanish foods, which did not cover all the foods listed in the FFQ and so approximations were made for these missing foods. Studies using more precise dietary methods and suitable biomarkers are needed.
We have found evidence of differences in size between children in different European countries using standardised anthropometric measurements and linked these to plausible dietary differences. Many children are consuming diets that are low in nutrient content but high in fat and sugar.
This small opportunistic study suggests that further careful work comparing diet, growth and PA in representative cohorts of children between European countries will help in the understanding of the factors that drive the differences in obesity development. 
